The Bui hydropower plant plays a vital role in the socio-economic development of Ghana. This paper attempt to explore the combined effects of climate-land use land cover change on power production using the (WEAP) model: Water Evaluation and Planning system. The historical analysis of rainfall and stream flow variability showed that the annual coefficient of variation of rainfall and stream flow are, respectively, 8.6% and 60.85%. The stream flow varied greatly than the rainfall, due to land use land cover changes (LULC). In fact, the LULC analysis revealed important changes in vegetative areas and water bodies. The WEAP model evaluation showed that combined effects of LULC and climate change reduce water availability for all of demand sectors, including hydropower generation at the Bui hydropower plant. However, it was projected that Bui power production will increase by 40.7% and 24.93%, respectively, under wet and adaptation conditions, and decrease by 46% and 2.5%, respectively, under dry and current conditions. The wet condition is defined as an increase in rainfall by 14%, the dry condition as the decrease in rainfall by 15%; current account is business as usual, and the adaptation is as the efficient use of water for the period 2012-2040.
Introduction
The world's environmental challenge today is climate change. Climate change is predicted to have major impacts on many aspects of human society, from agriculture and energy production to water supply [1] . Hydropower has a significant role to play in the era of Climate Change where Green Energy is the key to reducing global warming [2] . However, hydropower production may face challenges due to dependence on water availability and rainfall variability. According to [1, 3] , freshwater related-risks to climate change increase significantly with greenhouse gas emissions. Climate change is projected to reduce renewable surface water and groundwater resources significantly in most dry sub-tropical regions and will exacerbate competition for water among agriculture, ecosystems settlement, industry, energy, and food security. In addition to climate change, the stream flow regimes and runoff are key elements to be conserved in the planning and water management of the basin.
LULC can lead to changes in the infiltration capacity of the land, therefore, changing the dynamic of the runoff. The increase in population with increase in land use for agricultural, urbanization lead to direct impacts on runoff and stream flow [4] . Land cover plays an important role in the ecosystem, its change can lead to the modification of the micro-climate, and therefore, the hydrological cycle of that basin. (Andreini et al., 2002) [5] focused on the rainfall-runoff relationship over the Volta basin before and after the construction of the Akosombo dam. Their results showed that the coefficient of variation of runoff from the sub-watersheds is much more variable than rainfall, due to land use. According to the same study, it is apparent from the Volta water balance that land use and land cover changes in the uplands of the basin play a pivotal role in determining the future of the basin water resources. (Wei et al., 2013) [6] argued that the relative hydrological effects of forest changes and climatic variability are largely dependent on the change magnitudes and watershed characteristics. In some extents, impacts on the watershed of forest changes or land use changes can be as important as those from climatic variability. A key variable that can affect runoff generation could be land cover change [7] . Climate and land use change already have a large impact on the hydrological cycle in West African countries [8] [9] [10] . These changes can have direct or indirect impacts on the hydrological cycle of the watershed. According to [7] , there is inter-annual variability in rainfall and runoff and the mean monthly potential evapotranspiration over the Black Volta.
The expansion of forest (afforestation) can result in reduction in the stream flow while the deforestation can lead to an increase in the stream flow at the small scale [11, 12] . However, the afforestation-deforestation effects may be different in a larger-scale basin [4] . For instance, study in an upland watershed in Sri Lanka, showed that replacement of natural forests by other agricultural land uses led to decreased base flows and increased surface runoff generation, while the annual water yield remained more or less unchanged [4] . Change in land cover can affect the microclimate of the given area [13] and the infiltration rates can be reduced on cultivated land compared to natural land cover [10, 14] .
Hydropower production can be seriously reduced during extreme events. According to [15] , in Kenya, a drought over the period 1998-2000 reduced hydropower production, while in Ghana in 1998 shortages in rainfall caused hydropower production to fall by up to 40%. Moreover, in both 2006 and 2011, Tanzania, experienced energy crises due to droughts. These examples give an insight on how climate variability and uncontrolled land use can impact hydropower potential. The objectives of the present work are: (i) to access the historical steam flow and rainfall variability; (ii) to access land use land cover change; and (iii) to evaluate the potential effect of the LULC and climate change on the Bui hydropower production via the WEAP model. The expected results of this study are to improve water management in the Black Volta basin.
Materials and Methods

Study Area Presentation
Black Volta is located in West Africa at latitude 7 N-15 N and longitude 5.5 W-1.5 W. It is a trans-boundary basin shared between Ghana, Ivory Coast, Burkina Faso, and Mali, and covers an area of 156,798 km 2 (see Figure 1) . It is one of the sub-basins of the Volta basin. The basin is mainly located in the north western part of Ghana and the south western part of Burkina Faso. The basin includes northern and central parts of Ghana, Southern Burkina Faso, Southern Mali, and Northern Cote d'Ivoire.
The climate of the Black Volta, like the whole of West Africa's climate, is controlled by the movement of the Inter Tropical Convergence Zone (ITCZ). The southern part of the Black Volta presents a bimodal rainfall pattern (March-June and August-November). The Black Volta's annual rainfall varies between 1400 mm and 1000 mm and varies from south to north [16] . The pan evaporation is estimated at 2540 mm per year, and an average annual runoff coefficient of about 8.3% [17] . The mean monthly runoff from the sub-basin varies on average from about 623 m 3 /s at the peak of the rainy season to about 2 m 3 /s in the dry season [9] . During the rainy season, the rainfall is greater than evapotranspiration, and vice versa, during the dry seasons. The basin's mean, highest and lowest temperature are, respectively, 26 • C, 44 • C and 15 • C. The relative humidity varies between 20%-30% during the harmattan season and 70%-80% in the rainy season.
The Bui hydropower station is on the border of the Northern Region and the Brong-Ahafo Region in Ghana. The Bui hydropower plant comprises three Francis-type turbines with an installed capacity of 3× 133 MW, producing about 400 MW, the second largest of Ghana's hydropower plant. The construction of this dam holds a total capacity of 12,570,000,000 m 3 and an active capacity of 7,720,000,000 m 3 is for multipurpose use: energy production and irrigation. The reservoir's maximum operating level is 185 m above sea level (a.s.l.) and the minimum is 167 m a.s.l. The Bui hydropower station is on the border of the Northern Region and the Brong-Ahafo Region in Ghana. The Bui hydropower plant comprises three Francis-type turbines with an installed capacity of 3× 133 MW, producing about 400 MW, the second largest of Ghana's hydropower plant. The construction of this dam holds a total capacity of 12,570,000,000 m 3 and an active capacity of 7,720,000,000 m 3 is for multipurpose use: energy production and irrigation. The reservoir's maximum operating level is 185 meters above sea level (asl) and the minimum is 167 meters asl. 
Land Use and Land Cover Change Analysis
The canopy of vegetation may vary significantly between the south and the north parts of the Black Volta due to the differences in rainy season within the climatic zones in the basin. The months of January and February are the driest for all climatic zones and across the whole basin. These months also present less cloud cover, therefore, enhancing the quality of satellite images. Therefore, the Landsat 5, 7, and 8 data were obtained for the years 1986, 2000, and 2014, respectively, for the months of January and February. The land cover was classified in five groups, namely, water bodies, land use, shrubs, savanna and forest. The water bodies represent the stream line, small reservoirs, and dams and the land use referring to agricultural land, urban area, and bare land. The shrubs represent some woody plants, smaller than a tree, usually having multiple permanent stems branching from or near, the ground or woody plants of relatively low height, having several stems arising from the base and lacking a single trunk. The savanna represents grassland with scattered trees, grading into either open plain or woodland while the forest is referred to growth of trees and other plants covering a large area. In order to calibrate and validate the land cover classification the accuracy assessment was performed and the kappa coefficient was used as the statistical parameter.
Rainfall and Stream Flow Analysis
The rainfall data obtained from thirteen meteorological stations within Ghana (five stations) and Burkina Faso (eight stations) were considered in this study. The Thiessen method was applied to compute the mean rainfall. This mean rainfall amount was then converted into cubic meters per second (cms) in order to facilitate its comparison with the stream flow. Further analyses were performed in terms of annual and seasonal variation of the rainfall and stream flow. In addition, annual rainfall was aggregated in very dry, dry, normal, wet, and very wet years based on P-factor analysis. 
Land Use and Land Cover Change Analysis
Rainfall and Stream Flow Analysis
The rainfall data obtained from thirteen meteorological stations within Ghana (five stations) and Burkina Faso (eight stations) were considered in this study. The Thiessen method was applied to compute the mean rainfall. This mean rainfall amount was then converted into cubic meters per second (cms) in order to facilitate its comparison with the stream flow. Further analyses were performed in terms of annual and seasonal variation of the rainfall and stream flow. In addition, annual rainfall was aggregated in very dry, dry, normal, wet, and very wet years based on P-factor analysis.
The P-factor is the percentage at which the rainfall depth is lower or higher than the normal year. A year is called normal if its mean rainfall depth is equal, or closer, to the mean annual rainfall of the period of study and it has the value of 1. The P-Factor is given as:
For example, if the dry years have 5% of mean rainfall depth less than the normal year, then it has the P-factor equal to 0.95 and if the very wet year has 9% of mean annual rainfall depth than the normal year, then it has the P-factor equal to 1.09. In fact, the value is defined as:
(Mean − standard deviation) × 100/Mean corresponding to very dry year, (Mean − 0.5 × standard deviation) × 100/Mean corresponding to dry year, (Mean + 0.5 × standard deviation) × 100/Mean corresponding to wet year and (Mean + standard deviation) × 100/Mean corresponding to very wet year.
Brief Description of the Black Volta WEAP Model Implementation
The starting point of the model implementation was the watershed, river network and sub-catchment delineation. The water demand per sector and per sub-catchment were included considering the following water demand side sectors: domestic, livestock, irrigation, small Reservoir, and hydropower. The Bui reservoir was included in the Bui sub-catchment (see Figure 2 ). In WEAP, catchment processes such as evapotranspiration, runoff, infiltration, and irrigation demands, can be simulated based on four methods including: (a) the rainfall runoff method; (b) irrigation demand; (c) the soil moisture method; and (d) the MABIA method. The Soil Moisture Method was selected for the present work because of its specificities of including the characterization of Land Use and/soil types impacts on the catchment processes.
The land use classes were incorporated as a percentage share. Climate data including precipitation, temperature, relative humidity, cloud fraction, and wind speed have also been used. The P-factor is the percentage at which the rainfall depth is lower or higher than the normal year. A year is called normal if its mean rainfall depth is equal, or closer, to the mean annual rainfall of the period of study and it has the value of 1. The P-Factor is given as: value P-factor = 1 100 ±
For example, if the dry years have 5% of mean rainfall depth less than the normal year, then it has the p-factor equal to 0.95 and if the very wet year has 9% of mean annual rainfall depth than the normal year, then it has the P-factor equal to 1.09. In fact, the value is defined as:
The starting point of the model implementation was the watershed, river network and subcatchment delineation. The water demand per sector and per sub-catchment were included considering the following water demand side sectors: domestic, livestock, irrigation, small Reservoir, and hydropower. The Bui reservoir was included in the Bui sub-catchment (see Figure 2 ). In WEAP, catchment processes such as evapotranspiration, runoff, infiltration, and irrigation demands, can be simulated based on four methods including: (a) the rainfall runoff method; (b) irrigation demand; (c) the soil moisture method; and (d) the MABIA method. The Soil Moisture Method was selected for the present work because of its specificities of including the characterization of Land Use and/soil types impacts on the catchment processes.
The land use classes were incorporated as a percentage share. Climate data including precipitation, temperature, relative humidity, cloud fraction, and wind speed have also been used. 
The WEAP Model Evaluation
The model calibration and validation was performed to determine values of a set of key parameters which represent the physical characteristics of the catchments. These parameters include soil water capacity, root zone conductivity and runoff resistance factor. To explore how well the model reproduced river flows as observed at any given gauging station, the Nash-Sutcliffe coefficient (NS) and the coefficient of determination (R 2 ) were computed. The model was calibrated and validated in two sub-catchments: Bui and Samandeni ( Figure 2 shows the sub-catchment in Black Volta).
The Nash-Sutcliffe coefficient is defined by the Equation (2) and the coefficient of determination by Equation (3) as: [19] . Then, for this paper, we assumed that the rise in temperature is 1 • C for the projected period the same as in another study [20] . However, the simulation of large-scale patterns of precipitation has improved somewhat since the AR4, although models continue to perform less well for precipitation than for surface temperature [1] . Thus, the fifth assessment report of IPCC, 2014 (AR5) the observed temperature over West Africa was statistically significant and vary between 0.5 • C and 0.8 • C between 1970 and 2010 [21] . As for the precipitation over West Africa, the Sahel experienced a significant reduction overall, over the course of 20th century, with drought between 1970-1980 and with a recovery toward the last 20 years of the century [21] .
This will be considered for all CC scenarios. Climate change scenarios are defined as: Current condition or "as business as usual" scenario: in this scenario, there is no change in precipitation relative to historical trends.
Wetter scenario: This scenario assumes an increase in precipitation relative to historical trends. The average annual rainfall increases by 14.2%, and ranges from 7% to 20% during the 30-year simulation period from 2000 to 2040.
Drier scenario: This scenario assumes decrease in precipitation. The relative reduction in annual precipitation averaged 15.8%, ranging from 9% to nearly 21% over the simulation period.
Adaptation scenario: demand management programs will result in a reduction of the irrigation water usage by 20%, domestic loss reduces to 10% for rural and 2% for urban areas. Adaptation: under this scenario, water for irrigation is efficiently used and the rain water harvesting was put in place for domestic needs, while the demand management program will reduce the irrigation water by 20%, domestic water loss by 10% in rural areas and 2% for urban areas.
Results
Land Use Land Cover Change Analysis
Land classification can be subjected to error due to geometric errors, misclassifications, and undefined classes. To statistically quantify these errors, a random selection of pixels of the classified maps was performed to build a confusion matrix. The kappa coefficient K, a discrete multivariate technique used in accuracy assessments of thematic maps, is an efficient approach to derive information from an image via the confusion matrix [22] [23] [24] [25] . K > 0.80 represents strong agreement and good accuracy, 0.40-0.80 is middle, and <0.40 is poor [26] . For this study, the kappa coefficient for the years 1986, 2000, and 2014 are respectively K 1986 = 81.5%, K 2000 = 89%, and K 2014 = 84.5%, showing strong agreement. In general, the LULCC were correctly classified with strong agreement.
The results from the LULC trend analysis (Table 1) shows that water bodies have increased rapidly in the basin. This increase can be explained by the increase in the construction of small reservoirs and the Bui dam. The land use occupied about 16%, 18%, and 30% of the study area, respectively, in 1986, 2000 and 2014. This represents an increase of 12.7% between 1986 and 2000, 59.9% between 2000 and 2014. This relatively high percentage change can be linked to a high rate of urbanization, increases in bare land, and an extension of agricultural land (note that land use class as defined in this paper refers to the ensemble of agricultural land, urban area, and bare land). The excessive use of trees for timber, for charcoal, wood fires, and the phenomenon of uncontrolled bushfire are the main factors contributing to land cover change. In fact, the fire strips the land of its vegetative cover by burning trees and grasses; thus, pastures for livestock are largely destroyed. The soil is then exposed to erosion as it lies bare for most of the season and then leads to land cover change. In addition, bushfires are cited among the causes of soil erosion in the Volta basin [27] , while the charcoal and wood fuel production are considered as threats to Africa's forests [28] .
The shrubs covered about 21.4%, 24.7%, and 22. The forest occupied about 8.7%, 3.7%, and 3.8% of the study area, respectively, in 1986, 2000, and 2014. We noticed an important decrease of about 57% forest coverage between 1986 and 2000 many in the Ghana and Ivory Coast (see Figure 3a,b) , and an increase about 4% between 2000 and 2014. The sharp decrease (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) can be explained by the excessive use of the forest for timber and agriculture. The small increase in forest cover during the 2000-2014 period may be due to some land conservation practices in the basin. 
Rainfall-Stream Variability
Annual Variation
The annual variation of rainfall and stream flow show that there is an observed upward trend in rainfall pattern in general. However, there is a decrease in rainfall trend for the period 2000-2010. The stream flow trend shows a consistent trend and pattern as the rainfall (see Figure 4) . Table 2 shows the aggregation of the rainfall events according to the years. The results show that between 1982 and 2011, there were more dry years than very dry, normal, wet, and very wet years. While most of the years during the 1980s are classified as dry, recent years (2000s) are scattered through various rainfall events. These results suggest that the rainfall pattern of past decade and the recent years are erratic.
Although the relative rainfall trend decreases for the 2000-2010 period, we observed a sharp increase in the stream flow trend at Bui. This contrast for the last period may be due to not only land use land cover change but also the pre-Bui dam construction activities. The construction of the Bui dam, started early 2006 with the diversion of the Bui River resulting in an increase of stream flow more than the normal.
Basic statistics on rainfall and stream flow are reported in Table 3 . The annual rainfall and stream flow have their coefficient of variation, respectively, 8.6% and 60.85%. The high variation in stream flow may be due to land use land cover change.
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Rainfall-Stream Variability
Annual Variation
Basic statistics on rainfall and stream flow are reported in Table 3 . The annual rainfall and stream flow have their coefficient of variation, respectively, 8.6% and 60.85%. The high variation in stream flow may be due to land use land cover change. While the water contribution rate to the stream flow is clearly beyond the scope of this paper, we can speculate on its important contribution to stream flow. There was a slight increase in rainfall between 1991 and 1999, resulting in a sharp increase in stream flow. This may be explained by a change in land use in terms of the increase in the urbanization rate in the basin and soil degradation.
Wettest Month (August)
During the wettest month of the year for the 1982-2011 period, both rainfall and Stream flow increase, but the stream flow is at higher rate than the rainfall (see Figure 5d) . From 1986 to 1999, the rainfall and stream flow have increased, respectively, from 916 cms to 1373.9 cms and 339.6 to 642.2 cms, with a coefficient of variation of 28.2% and 43.6% respectively. For the period of 2000-2010, the rainfall and stream flow have increased, respectively from 1042.4 cms to 1269.02 cms and 527 cms to 861.2 cms with a coefficient of variation 236% and 86.7%, respectively. (Table 4) show very good agreement between observed and simulated flows. The evapotranspiration coefficient is the percentage of rainfall water that is lost by evaporation and transpiration and the runoff coefficient is the percentage of rainfall water converted into runoff. The results are summarized in Table 5 . Under current LCC and CC condition, the runoff coefficient (8.5%) is almost the runoff coefficient of Black Volta basin (8.3%) found in different studies [17, 29] . The evapotranspiration coefficient is the percentage of rainfall water that is lost by evaporation and transpiration and the runoff coefficient is the percentage of rainfall water converted into runoff. The results are summarized in Table 5 . Under current LCC and CC condition, the runoff coefficient (8.5%) is almost the runoff coefficient of Black Volta basin (8.3%) found in different studies [17, 29] . The results showed that wherever the land use effect is considered in the scenario, the runoff coefficient is higher. The highest runoff coefficient (12.25%) is found under the land use change and climate change wet condition, while the lowest (6.48%) is found under the land use change and climate change dry condition.
Evapotranspiration is also subjected to change under changing climate and changing land use. The highest value (90.06%) is found under the no land use change and dry climate change condition. In summary, the LULCC affects the surface runoff generation and the evapotranspiration coefficients in the basin. The adaptation scenario gives the lowest evapotranspiration and a moderate runoff coefficient.
The Potential Bui Hydropower Production under Different Scenarios
The Bui hydropower production was simulated in WEAP under different land use and climate change scenarios. The power output, as well as the changes in power production under various scenarios, are depicted in Figures 7 and 8 . By comparing the land use and land cover change scenarios with no land use change scenarios all associated with climate change, it is clear that the land cover change is projected to favor the hydro power production at the Bui dam in the next 25 years under changing climatic conditions. The results showed that wherever the land use effect is considered in the scenario, the runoff coefficient is higher. The highest runoff coefficient (12.25%) is found under the land use change and climate change wet condition, while the lowest (6.48%) is found under the land use change and climate change dry condition.
The Bui hydropower production was simulated in WEAP under different land use and climate change scenarios. The power output, as well as the changes in power production under various scenarios, are depicted in Figures 7 and 8 . By comparing the land use and land cover change scenarios with no land use change scenarios all associated with climate change, it is clear that the land cover change is projected to favor the hydro power production at the Bui dam in the next 25 years under changing climatic conditions. However, under the climate change conditions, the LCC is projected to decrease the power production by 2.49%, while No LCC is projected to decrease the power production by 23.2%. Under the climate change dry condition, LCC is promised to decrease the power by 46%, while No LCC will decrease the power by 54%. In addition, under the climate change wet condition, the LCC is projected to increase the power production by 40.7%, while No LCC is promised to be neutral. Overall, under climate change wet condition, the land use land cover change is projected to increase the productivity of hydropower at Bui dam. However, it is projected to decrease the power production under dry and current conditions, but less than the effect of No LCC.
The low power production, for the No LCC under different climate change scenario, can be explained by less runoff generation due to the vegetative coverage, with an increase in evapotranspiration. Under any climatic condition, the more vegetative areas have greater evapotranspiration, while less vegetative areas have lower evapotranspiration. The negative effect of climate is lower with land use land cover change than with no land use land cover change. The highest power production under all of the developed scenarios will be observed during the wet scenario.
The land use land cover change under any changing climatic condition is promised to favor the Bui power production than the contrary. However, the main risk associated with dramatic land use change is the soil degradation, soil erosion, which will lead to silting of the river and, mainly, the reservoir. Another threat could be the water quality from sediment, as the climate change results in an increase in evapotranspiration, which could consequently reduce the amount of water available in the basin increasing the concentration of sediment. The increase in the concentration of sediment will affect the water quality for domestic use and livestock, and will also reduce the life time of power turbines. However, under the climate change conditions, the LCC is projected to decrease the power production by 2.49%, while No LCC is projected to decrease the power production by 23.2%. Under the climate change dry condition, LCC is promised to decrease the power by 46%, while No LCC will decrease the power by 54%. In addition, under the climate change wet condition, the LCC is projected to increase the power production by 40.7%, while No LCC is promised to be neutral. Overall, under climate change wet condition, the land use land cover change is projected to increase the productivity of hydropower at Bui dam. However, it is projected to decrease the power production under dry and current conditions, but less than the effect of No LCC.
The land use land cover change under any changing climatic condition is promised to favor the Bui power production than the contrary. However, the main risk associated with dramatic land use change is the soil degradation, soil erosion, which will lead to silting of the river and, mainly, the reservoir. Another threat could be the water quality from sediment, as the climate change results in an increase in evapotranspiration, which could consequently reduce the amount of water available in the basin increasing the concentration of sediment. The increase in the concentration of sediment will affect the water quality for domestic use and livestock, and will also reduce the life time of power turbines. 
Discussion
The analysis of annual rainfall data (1982-2010) reveals an overall increasing trend (but small or not statistically significant) in the Black Volta basin. This increasing trend is also confirmed by [30] . However, according to [31] , the annual average rainfall is still as low as during the drought of the 1970s. The decrease of rainfall is higher in the Burkina Faso section and lower in the Ghana section. The increase of temperature over West Africa during the end of the 20th century induced an increase of potential evaporation, which might reduce the runoff. However, the joint effect of climate change and human activities on land cover over more than three decades is responsible for an increase of the runoff coefficients of the Black Volta basin, despite the low rainfall variability observed during the data analysis [31, 32] . The runoff coefficients have increased and is projected to increase in Black Volta basin according to scenario of LCC and CC. The rapid change in land use and land cover may be attributed to population growth with the extension of agricultural lands, urbanization, and deforestation. The small increase in forest observed coverage between 2000 and 2014 may be due to the protection of some forest reserves [33] . The land use and land cover change trend found is in accordance with the work of [34] in the same study area and with research of [35] in Nakambe river (White Volta) of Burkina Faso.
Some research [4, 14, 34] showed that the increase in land use (Urbanization and farm land) is the main factor that contributes to the increase in runoff generation and runoff coefficient depends on the land cover types. For instance land use and water areas have higher runoff coefficient due to their low infiltration rate; while the grass land, shrubs and forest areas have low runoff coefficient [36] . The rainfall runoff experiments indicate that degraded and abandoned land generate surface runoff within a few minutes after the start of the rainfall event [35, 37] . One of the paper cited by [35] showed that runoff coefficient of natural vegetation and fallows area, cultivated land and barren land are 13%, 20% and 50% respectively. Some studies cited by [35] found lower values for these types of land use in the Sahelian part of the basin.
In addition, it is found that evapotranspiration is increased due to the increase in air temperature observed, or the land use change of the last period and will be one factor that may affect water availability during the emerging climate change, with special concern regarding to the Bui hydropower production [16] .
Conclusions and Recommendations
The increase in population of the Black Volta basin has caused the land cover and land use to change and that results in changes in the hydro climate of the basin. However, from a comparison analysis of rainfall and stream flow at different angles, it is clear that the increase in stream flow at the Bui catchment is mainly due to land use land cover change. The increase in stream flow does not mean more fresh water availability, as the growing population puts additional pressure on the water resources. Nevertheless, the rainfall and stream flow have the same pattern, except during the period 2006-2010 that the observed rainfall decreased, while the stream flow increased due to the Bui river diversion. Moreover, this study focuses only on the potential effects of land use land cover change on the dynamics of stream flow, and future research may look at the influence of land cover change on the local rainfall. The combination of climate change with land use land cover change may negatively affect the hydro power production in the future, except under wet condition. Nevertheless, the land use land cover on its own may favor power production more than no change in land cover under any changing climatic conditions. Therefore, there is a need for government to make a decision about the way the land is used in Black Volta basin. The limitation of this paper resides in the fact that the development conditions, were not included in the WEAP modelling. This could be a scope for further research.
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